The term "buffer zone' has been used roughly for the past 20 years to highlight the space needed between an activity area and its surrounding to present the safest activity area possible. While everyone would agree there should be some space, the issue is how much? Is the designated space just an estimate or based on scientific research? If there had not been any prior injuries for many years, is the facility reasonably safe for the activity level? These are the questions that exist around "appropriate" buffer zones. This paper examines the basketball buffer zones and whether they are accurate and appropriate. After providing background information about the role of buffer zones, risk management basics, and basic physics of movement, this paper attempts to provide the most appropriate basketball buffer zone distance via surveys, player measurements, and a dose of physics.
Introduction
On a regular basis athletes leave the playing area during a basketball competition and need additional space for their and others' safety. In one famous example, LeBron James jumped for a ball heading out of bounds and landed on professional golfer Jason Day's wife, injuring her (Vardon, 2015) . In another example, James was fouled by an opponent and the resulting tumble sent him out of bounds, causing him to cut his head on a courtside photographer's camera (Amick, 2015) . Although in these examples falling out of bounds did not result in significant or permanent harm, such injuries are certainly possible. During a basketball practice in 2001, a 16-year-old girl stepped on a ball and was propelled by her motion into an unpadded wall, less than six feet away from the baseline. She suffered a traumatic brain injury and ended up recovering a settlement from the high school (Seidler, 2013) . In another case, a 14-year-old girl took a charge during a practice and fell backwards, hitting her head against a wall four feet from the baseline. She also suffered traumatic brain injuries, and was able to recover a significant settlement from the school district, coach, and athletic director (Seidler, 2013) . These are just some examples of the significant harm caused when basketball players come in contact with a wall or other dangerous object located too close to the basketball playing area. These incidents can result in serious injuries and possible lawsuits claiming a facility was dangerous or a program administrator acted inappropriately by allowing the game/practice to be played without enough of a buffer zone. For many of the lawsuits, the facility was able to avoid liability by showing they met/exceeded minimum "buffer zone" mandates established by various associations or organizations.
The "buffer zone" is a term of art used by many sport law educators, but it refers to a safety area around a playing field or court. Buffer zones exist in all sports as it is very difficult for an athlete to compete on a field, court, or other playing surface without going outside of the playing lines. Buffer zones are needed to provide additional space to the athletes in case they go outside the lines. The question is, what is an appropriate buffer zone?
This is a topic of significant debate, and there have been a number of lawsuits over the years trying to determine what an appropriate buffer zone is, and what risk management steps can help reduce collision risks (Steinbach, 2004 (Steinbach, , 2006 . The focus in a lot of these cases is what the distance of a buffer zone should be, and where protective padding should be located. Such focus, while important, has not really examined the underlying issues in terms of how the sport of basketball is played (especially at various levels), and the mechanics of injuries to determine the most appropriate buffer zone distance and whether padding really provides a benefit.
For example, a study by the National Athletic Trainers Association concluded that 22% of all male basketball players annually sustained at least one injury resulting in time lost during the season. Sprains were the most common type of injury (43%), followed by general trauma (22%). Interestingly, 60% of the accidents happened during practice, and 59% of game-related injuries occurred in the second half of a game (Seidler, 2013) . It can be assumed that during practice players might push themselves to improve, opening themselves up to more injuries. Also, fatigue can contribute to more players getting injured in the second half of a game. Another potential explanation for the late-game injuries is that opponents often play more aggressively in close games, and such plays/fouls could cause a potential injury. However, rather than speculate, a scientific approach relying on actual data should be used to develop the best risk management strategy. That is why determining the best buffer zone distance using science is so critical. Thus, the purpose of this study was to use physics to help identify the ideal buffer zone that would provide the greatest safety for players beyond the baseline in basketball courts.
Review of Literature

What Testing Has Been Done?
The authors have been unable to find any published articles examining appropriate buffer zones through scientific calculations. Some research has been undertaken in relations to foam padding and the amount of force they should withstand. An article in 2004 examined the conclusions reached by the American Society of Testing Material (ASTM) on foam padding (Steinbach, 2004) . The test involved dropping a sensor-equipped steel missile from a predetermined height onto several thicknesses of wall padding to assign each padding a G-max rating. The G-max rating is a measurement of how abruptly the missile stops upon impacting the padding. A G-max rating of 200 is the benchmark on which all wall pads should be judged, and the lower the G-max rating the safer the padding. In 2002, Promats, a manufacturer of athletic safety equipment, conducted its own tests on its padding as well as on competitors' padding. Promats determined that a drop height of 11 feet (compared with three feet used by ASTM) best replicates the speed at which an athlete running a 4.4-second 40-yard dash would hit a padded wall in full stride (Steinbach, 2004) . The ASTM adopted this conclusion and has since modified standards associated with wall padding a number of times (ASTM International, 2004) .
Another research study was conducted by Todd Seidler (2009) to identify appropriate buffer zones around a basketball court with a sample of sport law professors. The professors were asked to rate how safe different buffer zones were with and without padding. The survey results showed 27 of 51 respondents (53%) indicated a three-foot buffer zone was "very unsafe," while another 22 called it "unsafe" or "marginally unsafe." No respondent considered three feet to be "very safe" or even "safe." When asked what the minimum required distance should be between a court baseline and an unpadded wall or obstruction, 41 respondents (80%) identified at least 10 feet. When full padding is added to the survey questions, 22 respondents (43%) indicated that the buffer zone still should be at least 10 feet, while 24 respondents (47%) chose something between six and eight feet, and five respondents chose five feet (Steinbach, 2006) . It should be noted Seidler (2009) has advocated for a 10-foot buffer zone whenever possible.
These studies indicated how padding is critical for protecting players, but did not address the issue of where padding should be placed and what benefits the pads provide when a player dives or is pushed/bumped out of bounds rather than running into a wall. Also, it is easy for people to speculate what is safe, but it is imperative to support such hypotheses with actual testing.
Risk Management
An owner or possessor of land owes, to all persons legally on the premises, a duty to maintain the property in a reasonably safe condition and to warn visitors of unreasonable dangers of which the landowner is aware or reasonably should be aware (Cobb et al. v. Town of Blowing Rock, 2012; O'Sullivan v. Shaw, 2000; Schneider v. American Hockey, 2001) . The duty to warn normally does not extend to dangers obvious to persons of average intelligence. Thus, an owner must take ordinary care to keep the premises in reasonably safe condition for its users, participants, and spectators. It does not need to be perfectly safe, just reasonably safe.
A jury makes the determination of the standard of care required by a reasonable landowner by considering the totality of the circumstances in a particular case. These circumstances may include the location, the time of day, lighting conditions, facility type, and even the foreseeable characteristics of lawful visitors. These are all factual determinations and evidence as to all of these factors are relevant in the determination of what is "reasonable" (Cobb et al. v. Town of Blowing Rock, 2011 ).
An expanded scope of what constitutes a reasonable facility can be found in the Ford v. Bd. of Cnty. Comm'rs (1994) case. The court concluded a landowner or occupier of premises must act as a reasonable person in maintaining his/her property in a reasonably safe condition in view of all the circumstances, including the likelihood of injury to another, the seriousness of the injury, and the burden of avoiding the risk. This duty of care extends to all persons, other than trespassers, who enter a property with the defendant's consent, expressed or implied (Ford v. Bd. of Cnty. Comm'rs, 1994) . Thus, a basketball player is owed a duty to make sure the basketball court is reasonably safe, and the buffer zone is part of that reasonable analysis.
One criteria reviewed in liability cases is the landowner's burden of avoiding a risk. Furthermore, the courts will examine what steps a landowner could have taken to prevent those accidents, which might foreseeably occur as the result of a dangerous condition (Kozlowski, 1996) . Part of this analysis is defining a dangerous condition. Most facility managers would agree that a wall next to a playing area can be a dangerous condition. Not every risk, though, creates a dangerous condition. Facilities are normally not held liable for dangers if there are minor issues/defects (often called deminimus). Examples include Trincere v. County of Suffolk (1997) and Cruz v. Deno Wonder Wheel Park (2002) where a defect in the walkway was approximately ¼ of an inch. Others would probably agree that having heavy or big objects next to a court can be considered a danger to be minimized, if possible. A large or heavy object would not be considered a deminimus hazard.
One seminal case involving basketball buffer zones is Yarber v. Oakland Unified School District (1992) . Anthony Yarber had played basketball in community basketball leagues from 1976 to 1985. None of the games were sanctioned or supervised by the defendant school district. During a basketball game, Yarber was hit in the act of shooting, and the impact propelled him into the unpadded concrete wall, located four feet beyond the court's baseline. He sustained a concussion, a head injury, and a temporary cervical spinal injury. The plaintiff was hospitalized after the accident, and incurred $5,833.37 in hospital bills and $4,600 in lost wages. The court concluded the risk of injury was inherent to the game and the school had statutory immunity protecting it from the claim. As Yarber had previously played basketball at this particular gym, the court did not examine the reasonableness of the buffer zone, but concluded based on Yarber's knowledge and experience, he should have known about the risk, and as such assumed the risk of playing basketball at that particular gym.
When examining foreseeability of an injury and the ability to help prevent harm, guidance can be found in the concept of risk management. Risk management entails any effort to reduce the likelihood of harm to an organization. While risk management is often viewed in financial terms, it also refers to efforts undertaken to reduce the risk associated with personal injury at sporting events (Appenzeller, 2005) . Risk minimization can take into consideration the cost of making the event/facility safer (if possible), changes to the event, putting up signs, providing express and implied warning to participants, or even cancelling an event (Fried, 1999) . There are countless strategies that can be undertaken to reduce the risk of potential injuries. It should be noted there will always be injuries in sport due to the physical activity of participants, and the only way to eliminate these risks is to not play the games. An event administrator needs to take steps to try and minimize known risks or hazards, especially if others might not appreciate such risks. One basic risk management question is whether a landowner needs to undertake risk management steps if no one has ever been injured before at the facility. The answer depends on the facts. If it is a slight risk and the facility has not been notified of any such hazards over many years, then maybe undertaking a possible change could, in fact, enhance the risk of an injury.
Whether or not an injury is likely is an example of foreseeability. An example of this involves dog bite cases. Before a dog bites anyone, it is assumed the dog will not bite, and it is not foreseeable the dog will bite a person (depending on the breed). If the dog does bite someone, the owner will normally not be held liable for the first bite. However, after the first bite, it is now foreseeable the dog can bite. Thus, if the dog bites another person, the injured party could possibly sue because the risk of the dog biting someone is foreseeable. This is true even if the dog's owner is not sued, but rather a landlord is sued for allowing a tenant to have a dangerous dog on the landowner's property (Plowman v. Pratt, 2004; Siegel v. 1536 -46 St. John's Place Corp., 1945 . Risk management steps need to be taken to minimize the risk of the dog biting someone such as putting up a warning sign or keeping the dog supervised on a leash. Similar risk management steps have been taken to minimize the risk of injury on basketball courts through using buffer zones and installing padding. It is based on the assumption that a basketball player will go outside the court's baselines, and care needs to be taken to make sure foreseeable injuries are minimized or eliminated if possible.
Buffer Zone Distances
With the foreseeability of basketball players needing some room outside the court lines, there have been several attempts by various basketball rule-making bodies to promulgate rules identifying what might be an appropriate buffer zone. The Amateur Athletic Union (AAU) advocates a court measurement of 50 feet x 84-94 feet with 84 feet being the optimum length. The AAU also advocates a buffer zone of at least three feet with a preferred 10 feet. Its rule book specifies the National Federation of State High School (NFHS) rules apply to AAU events (Amateur Athletic Union, 2016). The NFHS Associations advocate a court measurement of 50 feet x 84-94 feet with the optimum length of 84 feet. The NFHS also advocates a buffer zone of at least three feet with a preferred 10 feet (National Federation of State High School Associations, 2009). The National Collegiate Athletic Association (NCAA) advocates a court measuring 50 feet x 94 feet as an official court. The NCAA also advocates a buffer zone of at least three feet with a preferred 10 feet, and suggests six feet of buffer zone behind a basket (National Collegiate Athletic Association, 2015). The National Basketball Association (NBA) does not mention a specific buffer zone around its courts (National Basketball Association, 2006) . Basketball court dimensions and recommended buffer zone sizes by these associations are presented in Table 1 . There is no indication in any of the rule books as to how the governing bodies came up with the three-foot buffer zone. The earliest found notation of such a minimum distance is from a 1955 Wilson Sporting Goods Co. Athletic Field and Court Diagram guide (Wilson Sporting Goods, 1955) . In an earlier guide from a division of Wilson published in 1952, there was no buffer zone listed for the basketball court diagram (Lowe & Campbell Athletic Goods, 1952) .
In a guide for building school facilities, Gabrielsen and Miles (1958) advocated a 10-foot buffer zone around a basketball court. The text was written by architects, not by those who operate sport facilities. The text also suggested that basketball courts be built with chalkboards on the walls and windows from an office to look into the gym. These were all possibly appropriate strategies for a high school gym in 1958, but do not necessarily reflect industry standards or best practices today. By 1966, the Athletic Institute & American Association for Health, Physical Education and Recreation was also advocating three feet minimum for a buffer zone.
All these efforts to establish a buffer zone, even if not explicitly written, are designed to provide as safe an environment as possible for the participants. Even if risk management steps are not obviously needed, landowners often warn people about possible risks. Such warnings can include express warnings (such as yelling "watch out for the walls") or can entail signs, painting the walls a bright color, and/or padding the walls. The easiest solution is to warn a participant, but this strategy can be difficult to track when some players might have been playing in the gym for years and might and/or should have known about the walls/objects and how far they are from the basketball court.
Duty to Warn
As previously mentioned, a landowner has the duty/obligation to warn of known risks or hazards about which others might not know or appreciate. The warning needs to be specific, so those reading the sign should understand the risk, especially if the hazard is significantly more dangerous than it appears (Walter v. State, 1991) . What if the hazard is open and obvious? There normally is no duty to warn individuals using a property when conditions are reasonably observable to a normal person using their senses (Kozlowski, 1996) . This is especially true where the invitee is aware of, or should be aware of, the condition. Most people would say a wall behind a basketball court is an open and obvious hazard, and a reasonable person would understand and be aware of such a hazard. However, this does not mean players will always be conscious of the risk or address the risk the same way. For example, if they trip or are pushed in a direction where they might not have body control or spatial awareness, the player might not anticipate the wall behind a basketball court.
The duty to warn applies in the context of buffer zones as it is foreseeable for people to go out of bounds while playing, and, as such, it might be appropriate to provide a warning if the players might not appreciate the location of the walls or other objects. In many cases, the facts will differ; so it is hard to establish that a specific location or buffer zone might be inappropriate. The legal standard is reasonableness. A basketball court with a three-foot buffer zone with no documented history of any injuries over 50 years might be wholly reasonable. In contrast, another basketball court might have a 10-foot buffer zone, with multiple injuries over a five-year period, and such a buffer zone might not be appropriate.
Physics of the Buffer Zone
The issues of risk management and warnings reach a critical point when examined in the context of physics and how people move. A warning will have little meaning if a person cannot change his/her actions to avoid a risk caused by speed or other factors out of his/her control. As people walk or run on the ground, ground reaction force includes both normal force and friction (McLester & St. Pierre, 2008) . Normal force, N, is the reaction force when a force is applied, and it is always perpendicular to the surface. It is equal to weight as people who do not move and just stand on the flat ground. Friction is the reason people can walk or run. A good way to think about friction is it is easy to walk on a hard, dry surface compared to a slick surface such as ice, where there is very little friction. As a person's heel contacts the ground, the direction of friction is backward. In contrast, when toes touch the ground, friction moves forward (see Figure 1) . When people increase their speed, the friction on their toes is the major force, and when people slow down, backward friction takes the main role. The friction is mainly static friction when the foot comes in contact with the surface. Static friction is a continuous curve with time as seen in Figure 2 . The solid and dash waves in Figure 2 are normal force and friction, respectively. The horizontal dash line shows weight as a reference. The two peaks on the solid wave, the lowest point and the peak on the dash wave, occur when a person's heel and toes touch the ground.
Theoretically, friction could be measured by a force table or a force sensor. However, it could be very dangerous to ask participants to land on a force table when they are running at a high speed. Thus, friction needs to be measured in an indirect manner. The indirect measurement is through estimation where the static friction during the contact with the gym floor equals the maximum static friction. Maximum static friction is the product of the coefficient of static friction, , and normal force, N. The estimation is bigger than the actual value of true friction, but it will lead to an appropriate minimum buffer zone space to serve as a reference. The coefficient of static friction is approximate 1.1 ~ 1.2 (McLester & St. Pierre, 2008; Nigg, MacIntosh, & Mester, 2000) . Normal force is measured using a force table as participants jump up and then land on the force table.
By integrating the information in the momentum-impulse theorem (Lisa, 2016) , deceleration can be calculated. The theorem is presented as
Momentum is the product of mass (weight divided by 9.8), m, and velocity, v, and impulse is the contribution from a net force (maximum static friction), μ s N, during a short moment of contact, ∆ t. Momentum-impulse theorem examines the impulse of a net force that should equal the change of momentum. This information is essential to calculate how quickly someone can slow down while running and the number of steps required to reach a complete stop. Such an analysis is critical to determine if a player can slow down with enough space to avoid contact with an object outside of a court.
(Equation 1)
Stride length and stride period are two additional relevant measures in calculating the time and space needed for a player to stop. In biomechanics, researchers use stride length and stride period to describe the distance of a stride and the time that a person used to finish one stride. For example, the stride length and stride period in Figure 3 are 2.4 meters finished in 0.24 seconds.
Duty factor "D" is another concept commonly used in running. D is determined through calculating the time one foot is in contact with the ground divided by the stride period. D is important because if the duty factor is large, then it means contact time is large. Based on momentum-impulse theorem, the contribution from the friction is large. Thus, the higher the duty factor, the more control people will have, and they will be able to control their motion, and speed up or slow down with fewer steps. The higher the speed, the lower the duty factor will be. For example, the duty factor in Figure 3 is 0.1 second (5.24 -5.14 from Figure 3 ) divided by 0.24 seconds, which is equal to 0.417. By undertaking such modeling, a set of discrete data can be measured and calculated. Based on the data set, a simulation was proposed to calculate the duty factor (Alexander & Jayes, 1983) . In this equation, g is standard acceleration due to gravity (Lisa, 2016) , and L leg is length of leg, which is calculated by dividing height into two. These equations will help determine how quickly a person can slow down to possibly protect themselves from contacting a wall or other obstacle beyond a baseline or sideline.
Method and Results
Three studies were undertaken to fulfill the purpose of the investigation. The first study examined the average court size and how much space a typical gym had around the court. The second study investigated the typical mechanics of how a basketball player left the playing area and entered a buffer zone via surveying basketball coaches. Finally, the third study measured the players' height, weight, speed, stride length, and normal force in jump to calculate ideal buffer zone distance via physics. The third study also tracked the number of times basketball players went out of bounds during a recreational game and recorded the distance they traveled beyond the court to measure the actual distance needed in buffer zones as a comparison.
Study 1: Gym Distinctions
As indicated in the literature review, recommendations for the size of buffer zones are inconsistent, and every gym is different. Students in a sport law class were asked to undertake measurements of their high school gyms to present variations in court dimensions, buffer zones, and wall padding. The focus of the measurements were high school gyms due to their accessibility to the students and the limited requirements of formal requests for such measurements. A total of 34 gyms throughout New England were measured, and the construction date of the gyms ranged from 1900 to 2010. Thus, many gyms are grandfathered in on (Cross, 1999) their size, and any change might be limited without incurring significant expense of building a new gymnasium or undertaking a major renovation. Half of the gyms (n = 17) were manufactured using bricks with the next largest category being cement walls (n = 10). Fourteen courts measured exactly or very close to 84 feet by 50 feet, which were the recommended dimensions by the AAU and NFHS associations. Some gyms were much smaller (19 feet long) and some were over 90 feet long. The average buffer zone behind a basket was 10.3 feet (SD = 8.1). However, this calculation included four outliers. Three gyms had only one foot of a buffer zone behind the baseline, and one gym had 45 feet of a buffer zone. When these extremes were removed from the calculation, the average buffer zone behind a basket became 9.8 feet (SD = 5.1). Ten gyms had buffer zones of greater than 13 feet behind the baseline, while 12 gyms had less than six feet. The average buffer zone along the sidelines was 6.3 feet (SD = 5.1). This number can be misleading as calculations varied in some gyms based on whether bleachers were extended or not. In some gyms, the bleachers were extended, and as a result, the sideline buffer zones were two feet in width. In total, 13 gyms had sideline buffer zones of three feet or less. Finally, the wall padding behind the baseline was measured; seven gyms did not have wall padding, while the rest had padding behind the baseline. The average padding height was six feet (SD = 1.1), and average thickness of the padding was 1.8 inches (SD = .9). Only five of the gyms had sideline padding.
Seven of the 34 gyms had records of a player being injured while hitting something beyond the sideline or baseline. One of the gyms, with five documented injuries, had a buffer zone of 12 feet on the baseline and 11 feet on the sideline without any padding. One gym with a 10-foot buffer zone had an athlete crash into an unpadded brick wall, and as a result the school padded the wall. Another gym had extended the bleachers, and an athlete injured his knee on the bleachers. Yet another gym reported a concussion injury from an athlete hitting a padded wall.
Study 2: Accident Mechanics
High school and college basketball coaches from the tristate area of New England were invited to take a survey via an email to identify how and why athletes exit a basketball court beyond the baselines and sidelines. A total of 15 basketball coaches responded to the survey in a two-week span. The respondents ranged from 4 to 30 years of coaching experience, with an average of 12 years of experience (SD = 7.92). Of these coaches, 6.7% coached high school junior varsity, 33.3% coached high school varsity, and 60% coached college basketball. Finally, 46.7% of the coaches were women's basketball coaches, 53.3% were men's basketball coaches, and 3.8% (1 respondent) coached both genders.
Coaches identified speed of a lay-up (13.3%), being fouled (20%), and diving for a ball to keep a loose ball in the game (40%) as the frequent and very frequent reasons for players traveling beyond the baseline of a basketball court. A similar question referring to the sidelines reported being fouled (7.1%) and diving for a ball to keep a loose ball in the playing area (35.7%) as the most common reasons for players leaving a court. In addition to the reasons for falling out of bounds, coaches were asked to identify where the athletes' movements began (often and always) for players leaving the court at the baseline. See Table 2 for the reasons players went out of bounds at the baseline and their respective movement span on the court. For the sideline cases, coaches were asked the number of approximate steps taken by the athletes before leaving the court. The results were as follows: 2 to 10 steps (M = 3.5, SD = 2.1) for being fouled and 0 to 7 steps for diving for a ball to keep it in play (M = 2.75, SD = 1.6). Although researchers aimed to identify the scenarios to mimic and measure in the third study, the survey findings revealed a need to collect measurements during an actual game as demonstrations in a practice session would not provide accurate pace and game conditions. 
Study 3: Physics Study
The purpose of the third study was to determine the minimum distance a person would need to slow down after reaching different running/playing speeds to stop in a timely manner without hitting the wall/object beyond the playing court. The precondition of the minimum distance analysis is that players try their best to control their motion and stop themselves. Furthermore, players will try to run as fast as possible to beat their competitors to a basket, the ball, or a given position.
No one wants to collide with a wall or other object, so players tend to slow down with enough time to reduce the chance of a collision. Sample. In order to calculate the ideal buffer zone distance via a physics model, data was collected from players during a recreational basketball game. Recreational players were chosen for the study due to their willingness and availability to participate. In addition, recruiting college basketball players to participate in this study was difficult with coaches' unwillingness and teams' restrictions on additional sport participation. Finally, while high school and college basketball games are sanctioned and have regulations pertaining to buffer zones and wall padding, recreational leagues and games do not have regulations. Therefore, perhaps participants are more prone to injuries. Eleven basketball players participated in the study through playing a competitive basketball game for two, 20-minute halves on an 80-foot x 54-foot court using referees and a time clock. Among the 11 players, one played college basketball, seven played varsity high school basketball for an average of 3.3 years, and four played basketball only recreationally.
Measurements. Prior to the game, players' height, weight, stride length, and maximum normal force in jumping were collected. Athletes' height and weight were measured with a traditional tape measure and a scale. To measure the stride length, athletes were asked to stand behind a line and take a step along a measuring tape. Athletes' maximum normal force was measured on a force plate, where athletes were asked to stand on the plate balancing their weight on both feet and jump as high as possible. Each athlete had three attempts, and the force plate recorded their normal force for each attempt. An average of normal force for each athlete was calculated by taking the average of three recordings.
Throughout the game, athletes' speed, number of occasions participants went out of bounds, and the distance they traveled when they went out of bounds were tracked. Athletes' speed was tracked with speed (radar) guns. Researchers recorded the speed readings on a tracking sheet as athletes ran back and forth throughout the game. The distance traveled in buffer zones were measured with tape markings placed on the floor between the baseline and the wall (i.e., one-foot, two-foot, and three-foot markers). The researchers used tally sheets to track how often, and what distance, players traveled in the buffer zones throughout the game.
Physics analysis. The measurements taken were used to help calculate the time required to slow from the maximum speed reached by players during the game given their height, weight, force, and speed. Researchers consider maximum static friction as the contact time of a foot on the ground. They also defined the highest speed as V 0 , the according stride length as l, and the duty factor as D 0 . In the first stride after slowing down, the speed slows down to v 1 , the according stride length is x 1 , and duty factor is D 1 . In the next stride undertaken to slow down, the speed and the stride length are v 2 and x 2 , respectively. The third and further strides are labeled in the same way with the assumption that a player will normally come to a full stop after his/her fourth stride, but can stop sooner.
The contact time calculated from the stride before a player starts slowing down equals the time between the first and second step when a player attempts to slow down. Physicists can express and calculate from the following Equation 3, and Equation 1 and 2.
(Equation 3)
Following the iteration v i and x i can be calculated, where i = 1, 2, . . . The minimum distance for buffer zones x total is the sum of all x i before the player is able to control his/her motion. Researchers used the speed limit of walking from the model of simple pendulum, ± 5% as the component for identifying critical speed, approximately 6.71 ± 0.34 miles per hour (mph) (Nigg, MacIntosh, & Mester, 2000) . As the speed slows below , we stop the iteration. Results. The players' height ranged from 5.8 feet to 6.10 feet with an average of 5.9 feet (SD = .39), and their weight ranged from 160 pounds to 220 pounds with an average of 175.6 (SD = 30.7). Their stride length varied between 1.7 feet to 2.3 feet with an average of 1.98 (SD = .21). Finally, players' average normal force ranged from 1665.4 N to 2984.8 N with an overall average of 2191.9 (SD = 439.3). It is important to remember, these descriptive statistics are provided to display overall physical characteristics of the participants, and this raw data was used in the physics calculations.
Using the measurements from the players and the speed gun readings of running around the court, the physics data modeling produced the final results presented in Table 3 . The players reached the highest speed when they had a full sprint across the court. That speed was around 21 miles per hour (mph). Of the 35 speed gun measurements, 16 involved layups while the rest entailed players just running (possibly to obtain a pass or defend the basket, as examples). Taking a total of 35 measurements, the average speed for these players was 19.57 mph at full speed. When these players tried to slow down, their first stride in an effort to stop was 15.37 mph, and the second stride was 11.18 mph. As can be seen in Table  3 , when the players were trying to slow down, they traveled an average of 4.69 feet in their first stride and 3 feet in their second stride. Thus, players needed on average 7.74 feet of space to stop their movement safely. It is impossible to stop immediately, and, when someone is running at almost 20 mph, it will take time and distance to slow down, thus the need for buffer zones. It should be noted the baskets in this study were hung from the ceilings and extended four feet onto the court. Thus, when a player was attempting a lay-up, the player had possibly four feet of runoff before hitting the baseline and then the buffer zone area. The four feet area is still part of the playing area, as action can occur between the baseline and behind the basket as part of the game. Based on the data collected throughout the simulated game, the players left the court under the basketball hoop 19 times on either side of the court. The athletes who went out of bounds in these 19 instances traveled on average 5.18 feet (SD = 4). Since players, generally, do not go out on the sidelines as frequently and with the same velocity or speed both during games and in this study, the players who exited the sidelines only went on average 3.28 feet (SD = 2) beyond the sidelines. However, one of these instances involved a player going over 10 feet beyond the sideline, so the data are skewed by that one instance. Players tended to travel farther out of bounds when chasing a loose ball compared with shooting a lay-up. See Table 4 for the data from direct measurement of players moving on the court and entering the buffer zone.
The calculated buffer zone distances in Table 3 are higher than the direct measurements in Table 4 . The model in the authors' calculation is based on the situations where the highest speeds occur up to the baselines. The calculation theoretically provides the minimum safe buffer zone distance. Although the aforementioned situations in the model do not commonly happen, the model provides a more conservative measurement that could provide safer basketball courts. Risk management strategies are not implemented to address every risk, just the most common risks and the most dangerous circumstances.
Discussion
Based on the results of the study, it is important to have buffer zones to help reduce the possibility of injuries and reduce possible legal concerns. While different organizations have published rules for buffer zones, none of these rules were based on scientific analysis. Through examining how much space basketball players needed to slow down, the authors recommend there should be a minimum five-foot buffer zone behind a basket and 3.5 feet along the sidelines. For even more safety, the authors recommend an eight-foot buffer zone behind the basket.
As previously highlighted in this text, every facility is different and these are general suggestions that may not be applicable to all gyms. Every gym owner has to examine the facility's circumstances and history to determine what is appropriate. Any existing facility with a small buffer zone should consider adding protective measures such as padding to increase protection. All buffer zone related injuries should be tracked to determine any possible trends or more common occurrences, and whether the safety distances calculated in this paper are appropriate for a given facility. Any analysis should take into consideration factors such as gym size, participant size/speed, gym configuration, and similar variables. Future facilities, if at all possible, should try to have a buffer zone closer to 8 to 10 feet to provide the highest level of protection for the most extreme potential collisions. By looking at 34 different gyms, it was determined that many gyms were over 40 years old. These gyms were primarily high school sized, and had an average distance of baseline buffer zones beyond the three feet of buffer zone advocated as minimums in several basketball rule books. However, there were a number of gyms with buffer zones shorter than what this research would indicate as safe. The sample also reported several gyms with more than 10 feet of buffer zones, yet several players still contacted a wall/object. This helps highlight that having a large buffer zone does not guarantee complete safety for players.
Coaches indicated how players left the court based on their experience. Although coaches felt most players left the playing area when diving for balls, the researchers in this study did not observe a single player dive for a ball during the simulated game. A majority of players left the court after completing a lay-up or similar play, and only a handful left the playing area due to a foul. The coaches' perceptions might be from what they see on a regular basis. Since a player leaving the court area happens so frequently, the coaches might not think about regular plays, but responded with extreme plays they remembered. It should be specifically noted the researchers were not able, nor would it be feasible, to measure the power that could be generated by a foul. Similarly, players were not tested diving out of bounds and the distance or power they might have in such situations. Some players leave the court based on very forceful fouls that are hard to replicate. Similarly, numerous collisions and accidents occur that can affect a player's movement and control. Based on a player's size and strength, he/she can dive at different speeds and with different power. These areas would also be hard to measure.
Further research might help identify the impact of wall padding, what impact padding might have on the necessary buffer zone, where the padding should be located (height and location), and how thick the padding should be to offer maximum protection. This study strictly examined the amount of space needed for players to slow down based on traditional basketball movements. By adopting at least a 5.2-foot buffer zone (and preferably an eight-foot buffer zone), most facility's can provide a safer distance for players, but this distance should be tempered based on variables highlighted in the paper such as the player's age, size, experience, and the facility's player injury history.
